Background Studies show mixed results on the association between depressive symptoms and adverse clinical outcomes in patients on dialysis therapy. Ethnicity may play a role in these heterogeneous results. No studies have investigated the interplay between ethnicity and depressive symptoms on clinical outcome in this patient population. This study aims to examine interaction between ethnicity and depressive symptoms on hospitalization and mortality in dialysis patients. Methods A multi-ethnic cohort in 10 dialysis centers included 687 dialysis patients between 2012 and 2017, with an average follow-up of 3.2 years. Depressive symptoms were measured using the Beck Depression Inventory. Interaction was assessed by investigating excess risk on an additive scale using both absolute rates and relative risks. Multivariable regression models included demographic, social, and clinical variables. Results Adverse outcomes are more pronounced in native patients, compared to immigrant patients. The risk for mortality and hospitalization is considerably higher in native patients compared to immigrants. An excess risk on an additive scale indicates the presence of possible causal interaction. Conclusions Depressive symptoms are a risk factor for hospitalization and mortality, especially in native dialysis patients. Adverse clinical events associated with depressive symptoms differ among ethnic groups. This differential association could play a role in the conflicting findings in literature. Ethnicity is an important factor when investigating depressive symptoms and clinical outcome in dialysis patients. Future research should focus on the possible mechanisms and pathways involved in these differential associations.
Introduction
Depression is the most common psychiatric disorder in patients receiving dialysis therapy. The estimated prevalence of depressive symptoms in dialysis patients is 37% [1] . The burden of depressive symptoms for these patients and society is high with a marked effect on Quality of Life, healthcare costs, and several adverse clinical outcomes. Several large prospective cohort studies showed that depressive symptoms have an association with hospitalizations and all-cause mortality [2] [3] [4] [5] . However, studies investigating the association between depressive symptoms and mortality showed mixed results. A recent meta-analysis by Farrokhi et al. [2] showed that only 15 out of 31 included studies reported a significant association. The authors conclude that there is a considerable between-study heterogeneity, without a clear explanation in current literature. One of the factors that might contribute to the heterogeneous results is the ethnic composition of the cohorts.
There is evidence for a differential association between depressive symptoms and adverse clinical outcomes between different ethnic groups [1, [6] [7] [8] [9] [10] [11] . Several studies in chronically ill patient populations indicate that ethnicity moderates the relation between depressive symptoms and adverse clinical outcomes [2, [11] [12] [13] [14] [15] . Furthermore, psychiatric studies in the general population have shown ethnic differences might play a role in the susceptibility, prevalence, and clinical course of depressive symptoms [1, 16] . Thus, interaction may be present between ethnicity, depressive symptoms, and adverse clinical outcomes.
Although there is data available on survival differences between ethnic groups in dialysis patients, there is limited data available on dialysis patients investigating the possible interaction between depressive symptoms, ethnicity, and adverse clinical outcomes, such as mortality [17] . In addition, most studies investigating depressive symptoms in dialysis patients lack a clear definition for ethnicity, making it difficult to draw conclusions on the effect of ethnicity [2] . To the best of our knowledge, no studies in dialysis patients have been published to investigate the possible interaction between depressive symptoms and ethnicity on adverse clinical outcomes.
This study set out to investigate interaction between ethnicity, depressive symptoms, and adverse clinical outcomes in dialysis patients. Our aim is to describe the differences between the ethnic groups and to provide insight in ethnic differences in the association between depression and adverse clinical outcomes. We hypothesize that a differential association between depressive symptoms and adverse clinical outcomes is present between different ethnic groups. The Depression-In-Various-Ethnicities-and-Races-Study (DIVERS) is a large multi-ethnic prospective dialysis cohort in the Netherlands that has been designed to investigate ethnic differences in depressive symptoms and adverse outcomes.
Materials and Methods

Study Cohort
Data were obtained from the DIVERS study (Depression-InVarious-Ethnicities-and-Races-Study). This is an observational, prospective cohort study among chronic dialysis patients in 10 dialysis centers in the Netherlands. The cohort consists of both prevalent and incident dialysis patients, included between 2012 and 2017. All patients who met the inclusion criteria were approached for study participation during dialysis treatment or during an outpatient appointment. Inclusion criteria were at least 18 years of age and a dialysis vintage of at least 90 days. Patients who were unable to fill in self-reported questionnaires were excluded. To improve generalizability, all questionnaires and variables were available in Dutch, English, Turkish, and Moroccan Arabic translations. Before inclusion, all patients gave written informed consent. This study was approved by the medical ethics committees of all participating hospitals and was carried out in accordance with the Helsinki declaration.
Demographic, Social, and Clinical Data
At baseline, the following socio-demographic and clinical data were collected from electronic medical records: age, gender, dialysis modality and vintage, comorbidities (summarized in the Davies comorbidity score), primary cause of kidney disease, body mass index (BMI), routine laboratory measures, transplantation waiting list, and medication use. Incident dialysis patients were defined as new patients on renal replacement therapy > 90 days but < 180 days. The primary cause of kidney disease was classified according to the European Renal AssociationEuropean Dialysis and Transplant Association (ERA-EDTA) coding system and divided into 4 groups (diabetes mellitus, glomerulonephritis, renal vascular disease, and other) [18] . The level of comorbidity was defined according to the Davies comorbidity index, indicating no, intermediate, or severe comorbidity [19] .
We collected the following characteristics through selfreported questionnaires: marital status, children, educational level, working status, current smoking and alcohol use, and previous depression. Quality of Life was measured using the Short Form Quality of Life (SF-12). Anxiety symptoms were assessed using the self-questionnaire, the Beck Anxiety Inventory (BAI).
Definition of Ethnicity
Ethnicity was defined as immigrant status based on country of birth of the patients and of their parents. According to the Statistics Netherlands Criteria, an individual is considered to be an immigrant if the patient himself and/or at least one parent was born abroad [20] . In this manuscript, the term Bnative^refers to native Dutch patients. Five regions of origin of immigrant patients were distinguished, using the United Nations classification system: Europe, Sub-Saharan Africa, northern Africa/Western Asia, Southern Asia/South Eastern Asia, and South America/Caribbean [21] .
Assessment of Depressive Symptoms
Depressive symptoms were assessed using the Beck Depression Inventory-II (BDI) at baseline, within 2 weeks after enrollment.
Respondents were asked to rate how much each of these symptoms bothered them in the past week, on a scale ranging from 0 (not at all) to 3 (severely). The total score has a minimum of 0 and a maximum of 63. The BDI was analyzed primarily using a cutoff value. The BDI has been validated in a large variety of cohorts with various depressive disorders and clinical comorbidities [22] . The BDI has a high internal consistency (Cronbach's α = 0.92) [23, 24] . For the BDI, a cutoff value of 16 has been used to indicate the presence of clinically relevant moderate to severe depressive symptoms [25] . The BDI has been validated in a multi-ethnic Dutch cohort of chronic dialysis patients and showed a good validity with the physician-diagnosed DSM-IV criteria [26] . Previous studies found that the BDI provides an assessment of severity of depressive symptoms that is equivalent across gender, race, and ethnicity in college students [27] .
Clinical Outcome: Hospitalization and Mortality
Cause and time of death and hospitalization data were collected from electronic medical records for a maximum of 4 years. Cause of death was classified using the European Renal Association-European Dialysis and Transplant Association (ERA-EDTA) coding system [18] . Data from baseline to 1 year after inclusion was used in the analysis for the 1-year hospitalization rate.
Statistical Analysis
The main analysis consists of investigating interaction between ethnicity and depression and their association with mortality in the univariable cox regression model. Secondary analyses include the stepwise multivariable models to investigate possible explanatory variables in this association. Furthermore, the absolute risk differences are described for the groups based on ethnicity and depression as exposure. The 1-year hospitalization rate was the secondary outcome. In addition, the absolute risks hospitalization and death were calculated and compared between ethnic groups. The first multivariable model includes age and sex. The second multivariable model included sex, age, incident/prevalent, dialysis vintage, dialysis modality, residual diuresis, Davies comorbidity score, diabetes, ischemic heart disease, cancer, albumin, and hemoglobin.
Cox proportional hazard models were used to investigate the univariable and multivariable effect of depressive symptoms on mortality. Time to event was defined as the time between inclusion (baseline) and the date of death or censoring. Patients who either were lost to follow-up, were transplanted, or had recovery of renal function were censored. Poisson regression models were used to study the association between depressive symptoms and hospitalization during the first year after inclusion. Absolute mortality risks were calculated using rates per person-years (number of deaths/1000 person-years).
This study investigates the possibility of causal interaction, which is defined as a deviation from additivity of the absolute effects (risk differences) of the two risk factors under study [28, 29] . The following steps were undertaken to investigate interaction in this cohort:
& Stratification by ethnicity. & Absolute risk differences of mortality and 1-year hospitalization. Interaction was defined as an excess risk on an additive scale in the absolute risks. & Relative risk differences: Regression models were used to investigate interaction on a relative scale including possible confounders. All patients were divided into 4 mutually exclusive groups based on depression and ethnicity status. The lowest number was given to the group with the lowest risk on mortality in the cox proportional hazard model.
The relative excess risk due to interaction (RERI) was calculated, which can be interpreted as the risk that is additional to the risk that is expected based on the addition of the risks under exposure. This is calculated as the difference between the expected risk and the observed risk:
The attributable proportion due to interaction (AP) was calculated to investigate the proportion of mortality that is due to interaction among patients who are both depressed and native: AP = RERI/(Risk ++). The synergy index (S) was calculated to interpret the excess risk from exposure to both exposures (depression and native ethnicity) when there is interaction relative to the risk from exposure without interaction:
When there is no interaction effect, the RERI and AP equal 0 and S equals 1.
Ninety-five percent confidence intervals of the RERI and SI were calculated using the delta method [30, 31] .
As a last step, an interaction term depression*ethnicity will be introduced in the multivariable models as a measure for multiplicative/statistical interaction.
Missing Values
Baseline demographic and clinical variables had < 5% missing. The overall percentage of missing questions on the BDI is 4.6%. Missing items were analyzed in the complete case analyses using list-wise deletion of missing values. To avoid bias, missing values of the BDI were imputed by using multiple imputation techniques (10 repetitions) as a sensitivity analysis.
All statistical analyses were performed using SPSS for Windows version 24.
Results
Baseline Characteristics
A total of 687 dialysis patients were included in this multiethnic cohort. Table 1 describes the baseline characteristics for all patients and stratified by ethnicity. The cohort consisted of 48% immigrant and 52% native dialysis patients. Compared to native patients, immigrant patients were on average 10 years younger (59 ± 15 versus 69 ± 14 years respectively). Social characteristics were mostly comparable between the 2 groups. Immigrant patients had a higher percentage of diabetic nephropathy compared to native patients. Total comorbidity scores were divided in low (27%), intermediate (55%), and severe (18%) and were comparable between the ethnic groups. Four percent of patients self-reported a previous depression.
The mean BDI score of the total cohort was 12.9 ± 9.6. Immigrant patients had significantly higher BDI scores (mean 14.6 ± 10.9) compared to native patients (mean 11.2 ± 7.8) (p < 0.001). Thirty-nine percent of immigrant patients had a BDI of 16 or higher (moderate to severe depressive symptoms), compared to 22% of the native patients. The Quality of Life scores, however, showed no major difference between immigrant and native patients on both the mental and physical component scores. These results show that depressive symptoms are more prevalent among immigrant dialysis patients compared to native dialysis patients while the level of comorbidity is comparable between the groups.
Association Between Depressive Symptoms and Mortality
Patients were followed up for a maximum of 4 years, with a median of 3.2 years. A total of 172 (26%) patients died during follow-up and 142 patients had a kidney transplantation (21%). Thirty-three (5%) patients were lost to follow-up, including 15 patients who moved to other dialysis centers; 9 patients had a recovery of renal function; and 6 patients were not motivated to continue. Table 2 shows the HR for mortality by using a grouping variable based on ethnicity and the presence of depressive symptoms. The reference category is the patient group with the lowest mortality risk, the non-depressed immigrant patient group. The HR of depressive symptoms in immigrant patients was 1.2 (0.7-2.1). The non-depressed native patients had a HR for mortality of 1.6 (1.0-2.5) compared to the reference group. The highest risk group was depressed native patients with a HR of 2.4 (1.4-4.2). The survival plot of the different groups based on ethnicity and depression is shown in Fig. 1 .
The Excess Risk of Interaction (RERI) on an additive scale is 0.64 (95% CI − 0.55-1.83), as visually shown in Fig. 2 . The synergy index (SI) was 1.89 (0.47-7.61). These indices show there is evidence for interaction. On a multiplicative scale, the product term depression*ethnicity showed a HR of 1.3 with a p value of 0.117. Multivariable models were used to interpret the effect on the hazard ratios after adding possible explanatory variables to the crude model. The multivariable models showed the same trend with a slight decrease in all hazard ratios, with a RERI of 0.47 (− 0.46-1.60) and SI of 2.78 (0. .0) in model 3.
Absolute mortality rates are shown in Table 3 . Immigrant patients without depressive symptoms had the lowest mortality rate of 90/1000 person-years. Native patients with depressive symptoms had the highest mortality rate of 211/1000 person-years. For the native patients with depressive symptoms, we expected a rate of 90 (baseline immigrant) + 15 (effect of depressive symptoms in immigrants) + 50 (effect of native Dutch ethnicity) 155/1000 person-years. The observed rate of 211 is higher than 155 by 56/1000 person-years. This leads to an excess risk of 56/1000 person-years on an additive scale.
In conclusion, there is evidence for interaction on an additive scale between depressive symptoms and ethnicity related to all-cause mortality, with a more pronounced negative effect of depressive symptoms on mortality in native Dutch patients.
Association Between Depressive Symptoms and Hospitalization
A total of 359 (52%) patients were admitted to the hospital in the first year after inclusion. The median length of hospital admittance was 6 days (IQR 2-14), and 108 (16%) of the patients had 3 or more hospitalizations per year.
The relative risk of hospitalization from the Poisson regression models is shown in Table Absolute 1-year hospitalization rates are shown in Table 5 . The lowest rate of 1.1 is shown in the non-depressed immigrant group. When investigating interaction, the depressed native Dutch patients had an excess risk of 0.3 hospitalizations/year.
Additional Analyses
Additional stratified analyses show the association between depressive symptoms and adverse clinical outcomes within different ethnic groups, which are shown in Tables 6   and 7 . These results showed a larger effect of depressive symptoms on outcome in native Dutch dialysis patients compared to immigrant patients. Furthermore, an analysis using a different definition of ethnicity, Caucasian-AsianBlack, showed no major differences compared to the main Only the BDI scores and depression rates (cutoff ≥ 16) between native Dutch and immigrant patients were tested and were *p < 0.05**p < 0.01
analyses, as shown in Supplementary Table S1 . Sensitivity analyses using a multiple imputed dataset showed no major differences to the complete case analyses, as shown in supplementary Table S2 .
In conclusion, there is evidence for interaction on an additive scale between depressive symptoms and ethnicity related to all-cause mortality and hospitalization.
Discussion
This study investigates ethnic differences in the association between depressive symptoms and adverse clinical outcomes. A multi-ethnic cohort of 687 chronic dialysis patients was set up specifically for this area of research. Although depressive symptoms were more frequent in immigrants, the adverse Table 2 Hazard ratio for mortality in groups based on ethnicity and depression
Stratification in groups using ethnicity and depression
Hazard ratio for all-cause mortality using stepwise sequential models The association between depressive symptoms and mortality is investigated using Cox proportional hazard models. Hazard ratios (HRs) are presented including their corresponding 95% confidence interval
To investigate the effect of variables on the association, several stepwise sequential models were used with variables that might be within the causal pathway between ethnicity and mortality 
Prevalence of Depressive Symptoms in Different Ethnic Groups
This study shows immigrant dialysis patients have a higher prevalence of depressive symptoms compared to native Dutch dialysis patients. These results are comparable with other European studies, which also found a higher prevalence in immigrant patients compared to native Dutch [6, 7, 32, 33] . US studies indicate that Black dialysis patients have a higher prevalence of depressive symptoms compared to White dialysis patients [15, 34, 35] . However, a comparison of our results with US studies is hampered due to the use of other definitions of ethnicity (i.e., Black/White of Hispanic/nonHispanic). There is evidence that ethnicity itself interferes with self-reported health and self-reported depressive symptoms [36] . For example, a study in immigrant patients showed a difference in symptom domains of their depressive disorder [37] . The findings on ethnic differences in the prevalence of depressive symptoms may be used when implementing screening and psychosocial care in dialysis patients.
Depressive Symptoms and Adverse Clinical Outcomes
This study confirms the association between depressive symptoms and adverse clinical outcomes in dialysis patients. However, there was a considerable ethnic difference in these associations. Both in hospitalization rate and all-cause mortality, there is a differential association between ethnic groups and interaction seems to be present. These ethnic differences could play a role in the between-study heterogeneity. Available data on ethnic differences suggest that the longitudinal association of depressive symptoms and adverse outcomes is more present in Caucasian patients compared to Black patients, which is in line with our results [11, [38] [39] [40] .
On the other hand, it was also suggested that depression is more chronic and disabling for Black compared to White patients [38, 41] . However, it is impossible to draw solid conclusions based on the few available studies, since the majority of studies lack a clear definition for ethnicity, and the immigrant-native differences were not investigated in most studies in dialysis patients [3] . For example, only 7 of the 31 studies from the recent meta-analysis from Farrokhi et al. Fig. 2 Hazard ratios for mortality with contributions from different exposure categories using model 1 Absolute risk differences in 1000 person years. These are crude risk differences between immigrant and native Dutch patients among dialysis patients included ethnicity or race in their adjusted hazard ratios for depression on mortality.
Mechanism of the Differential Effect Between Ethnic Groups
The interplay between depression, ethnicity, and adverse health outcomes is complex and multifactorial. Several possible mechanisms may play a role in the interaction. First, cohort studies and registry data have shown that ethnicity influences the prevalence rate of depression. Ethnic minority groups seem to have a higher burden of depressive symptoms in the dialysis population [7, 35] .
Second, several possible mechanisms have been proposed between depression and mortality, including the development of intermediate cardiovascular outcomes, parallel inflammatory pathways, involvement of the HPA axis and nonadherence [2, 4, [42] [43] [44] [45] . There is evidence that Black patients have a more favorable inflammation and nutritional status that may explain survival advantages [46] . Third, there is evidence for an association between ethnicity and adverse health outcomes [17, 32, [47] [48] [49] . Stronks et al. [48] proposed that physical, behavioral, psychosocial, biological, and healthcare use aspects may play a role in the pathway between ethnicity and health outcomes. A study from a nationally representative cohort by Ellis et al. [50] provided support for a differential association between Black and White respondents in depressive symptoms and negative health behavior, such as smoking.
Fourth, the possible causal pathway between ethnicity and outcome is complex, since ethnicity is a variable that is defined at an early stage of life. Thus, most other variables are in the causal pathway between ethnicity and outcome [51] .
The multivariable models presented in this manuscript need to be interpreted with these causal pathways in mind. By adding several variables that may well be within the causal pathway between ethnicity and outcome, and looking at the change in effect size, we gain insight in possible explanatory factors. The multivariable models in this study including age, sex, and a large variety of somatic illness markers did not show major differences with the univariable analyses, suggesting that these variables do not play a major role in the pathway. Table 4 Relative risks of hospitalization in groups based on ethnicity and depression Stratification in groups using ethnicity and depression Rate ratio for hospitalization using stepwise sequential models The association between depressive symptoms and hospitalization rate is investigated using Poisson regression models. Rate ratios are presented including their corresponding 95% confidence interval
To investigate the effect of variables on the association, several stepwise sequential models were used with variables that might be within the causal pathway between ethnicity and mortality Despite these hypothesized mechanisms, much is still unknown on the interaction between ethnicity and depression. Future studies are needed to clarify these ethnic differences, including unraveling relevant causal pathways. New studies on depression in dialysis patients should take ethnic differences into account. We want to highlight the importance of ethnically and culturally tailored interventions that may promote depression detection and treatment.
Strengths and Limitations
Strengths of this study include the large multi-ethnic cohort with balanced numbers of ethnic groups. The follow-up over 3.2 years is substantially longer compared to most other prospective studies in this field of research. The multivariable models include a wide variety of socio-demographic, dialysis-related, clinical, and comorbidity variables to better understand the confounding effects on these complex associations. Our results need to be interpreted with consideration of the following limitations. Despite including many variables in the regression analyses, it is impossible to rule out any unmeasured confounding in these associations. Second, our findings are based on a multi-center sample in the Netherlands and may not be generalizable to populations in other parts of Europe and beyond. Every clinician and researcher should compare their countries' ethnic composition before generalizing these conclusions. Third, illiterate patients could not be included in this study, creating a possible dropout of this vulnerable patient group. Fourth, although the BDI shows a good validity and consistency in a multi-ethnic cohort in Dutch dialysis The association between depressive symptoms and mortality is investigated using Cox proportional hazard models. Hazard ratios (HRs) are presented including their corresponding 95% confidence interval
To investigate the effect of variables on the association, several stepwise sequential models were used with variables that might be within the causal pathway between ethnicity and mortality Three separate analyses were performed using 3 different cohorts.
(1) All patients, (2) immigrant only, and (3) native Dutch only
The association between depressive symptoms and mortality is investigated using Poisson regression models. Rate ratios (RRs) are presented including their corresponding 95% confidence interval
To investigate the effect of variables on the association, several stepwise sequential models were used with variables that might be within the causal pathway between ethnicity and mortality [26] . A study by Whisman et al. [27] in 2013 found that the BDI provides an assessment of severity of depressive symptoms that is equivalent across gender, race, and ethnicity in college students. Thus, research is needed to fully determine the validity of the BDI across ethnic minority groups in medically ill patients, such as dialysis patients. Last, in this field of research, the definition of ethnicity remains difficult, and the objective information such as country of birth does not capture the multidimensional character of ethnicity. In this study, we deliberately use the somewhat imprecise term of ethnicity to define groups based on ancestry (and not on skin color) since this definition may be more suitable for the ethnic minority groups in Europe [52] . Sensitivity analyses using different definitions for ethnicity, such as Caucasian-AsianBlack, showed similar results compared to the main analyses.
Conclusion
This study showed that depressive symptoms are a risk factor for hospitalization rate and mortality. Adverse clinical events associated with depressive symptoms may differ among ethnic groups, and there is evidence for interaction between ethnicity and depressive symptoms on clinical outcome. These ethnic differences could play a role in the mixed findings in literature. This study shows there is a need to take the ethnic context of each patient into consideration when performing research or screening for depressive symptoms in this population.
